F railty is a geriatric syndrome resulting from low reserve in several physiological systems that manifests as vulnerability to even minor stressors (e.g., mild infection, introduction of a new drug treatment) 1 . As a consequence, frail individuals are at greater risk of falls, hospitalization, disability, institutionalization, and death [1] [2] [3] . With the aging of the population 4 , the prevalence of frailty and its associated adverse health consequences is expected to increase in the coming decades. This will have a direct cost in terms of social services and medical attention, so strategies to prevent frailty or morbidity associated with frailty may be necessary to reduce the cost of these social and healthcare services. Although previous clinical and epidemiological studies have examined whether pharmacological agents or nutritional interventions may help reduce the prevalence or severity of frailty, physical activity based interventions have been highlighted as the best cost-effective strategies 1, 5, 6 . Physical activity, defined as any bodily movement by skeletal muscles requiring energy expenditure, is associated with better health status in older adults 7 and, in particular, with lower risk of many chronic diseases (e.g. type 2 diabetes, cardiovascular disease, several cancers, depression), functional impairment, and all-cause and cardiovascular disease (CVD) mortality-the leading cause of deaths in this population [7] [8] [9] [10] . Also, intervention studies in frail individuals have found that physical exercise improves physical performance and reduces risk of frailty-associated outcomes, such as falls, 5, 11, 12 although it is uncertain whether physical activity may also reduce mortality in frail older adults.
We used data from a nationally representative cohort of older adults in Spain to examine the separate and joint association between physical activity and frailty and longterm all-cause and CVD mortality. Specifically, we aimed to assess whether physical activity could compensate for the excess mortality associated with frailty.
METHODS

Study design and participants
We used data from the Universidad Autónoma de Madrid (UAM) cohort (N=4,008), representative of the noninstitutionalized population aged 60 and older in Spain. The methods of this study have been reported in detail elsewhere 13, 14 . Study participants were selected in 2000-01 using probabilistic sampling in multistage clusters. The clusters were stratified according to region of residence and size of municipality. Census sections and households were chosen randomly within each cluster. Study participants were selected according to sex and age (60-69, 70-79, ≥ 80). Information was collected at participants' homes in personal interviews, and trained, certified personnel performed physical examinations. The final study response rate was 71%.
Written informed consent was obtained from each study participant and an attending family member, and the Clinical Research Ethics Committee of La Paz University Hospital in Madrid, Spain, approved the study protocol 13, 14 .
Study variables
Physical activity was assessed using a validated single question taken from the Spanish National Survey, which is habitually used to monitor prevalence of physical activity in Spain 15 : "Which of these choices best describes most of your leisure-time activity?" Participants rated their physical activity as inactive (1), occasional (2), several times a month (3), or several times a week (4). Because only 2.9% of participants reported engaging in physical activity monthly (2.5%, n=97) or weekly (0.5%, n=19) these 2 categories and the occasional category were merged into a physically active category; these small numbers of events in the highest categories resulted in unstable estimates and broad 95% confidence intervals (CIs) 15 . Mean physical activity levels from this question were 7.1 metabolic equivalent (MET)-h/ wk (95% CI=6.2-8.1 MET-h/wk) for inactive participants, 30.0 MET-h/wk (95% CI=28.9-31.0 MET-h/wk) for occasionally active participants, 43.1 MET-h/wk (95% CI=36.3-50.0 MET-h/wk) for those who were physically active several times a month, and 56.6 MET-h/wk MET-h/ wk (95% CI=37.6-75.5) for those who were active several times a week (rho=0.55, p<.001); average physical activity was 30.7 MET-h/wk (95% CI=29.7-31.7 MET-h/wk) for individuals in the merged physically active category 15 . Frailty was assessed using the Fatigue, Resistance, Ambulation, Illness, and weight Loss (FRAIL) scale 16, 17 . Fatigue, resistance, and ambulation were assessed using 3 questions from the Medical Outcomes Survey 36-item Short-Form Health Survey 18 . Fatigue was measured by asking participants how much time during the past 4 weeks they had felt tired; responses of "all of the time" or "most of the time" scored 1 point. Resistance was assessed by asking participants whether their health limited them in walking up 1 flight of stairs and ambulation by asking if their health limited them in walking several hundred yards; each positive response to these questions was scored 1 point. Weight loss was assigned 1 point if participants reported 5% or more unintentional loss during the preceding year. Finally, the illness domain was scored 1 point if participants reported having 5 or more of the following 11 physician-diagnosed conditions: pneumonia, asthma or chronic bronchitis, hypertension, coronary heart disease, stroke, osteoarthritis or rheumatism, diabetes mellitus, depression under drug treatment, hip fracture, Parkinson's disease, and cancer at any site. Total score ranged from 0 to 5, with those who scored 0 considered robust, 1 to 2 prefrail, and 3 or more frail 17 .
Ascertainment of mortality
The outcome variables were all-cause and CVD mortality from study baseline (2000-01) to follow-up (2014). Date and cause of death during follow-up were obtained using a computerized search of the Spanish National Death Index of the Ministry of Health and the vital registry of the Spanish National Institute of Statistics. There is evidence of complete coverage, accuracy, and reliability of this vital status information 19 . A nosologist determined underlying cause of death according to the International Classification of Diseases, Tenth Edition, with CVD corresponding to codes I00 to I99.
Covariates
Information on age, sex, and educational level ( ≤ primary, secondary, university studies) was recorded. Tobacco smoking (never, former, current smoker) and alcohol consumption (never, former, moderate, heavy drinker) were assessed. The cutoff between moderate and heavy intake was 20 g/d in women and 30 g/d in men. Height and weight were measured using standardized procedures, and body mass index was calculated as weight in kg divided by height in square meters 20 . Waist circumference was measured using an inelastic belt-type tape at the midpoint between the lowest rib and the iliac crest after breathing out normally. The Mini-Mental State Examination, which is valid for the Spanish population, was used to assess cognitive function 21 .
Statistical analyses
Of 4,008 study participants, 112 were excluded because of missing data on the main study variables. Thus, the analyses were conducted with 3,896 individuals. Baseline characteristics of study participants are presented as means ± standard deviations or percentages. All-cause and CVD mortality according to frailty status (robust, prefrail, frail) and physical activity (inactive, active) were summarized using hazard ratios (HRs) and their 95% CIs obtained from Cox regression. Two models with progressive adjustment for potential confounders were fitted. Model 1 was adjusted for sex and age, and Model 2 was additionally adjusted for educational level, smoking status, alcohol consumption, body mass index, waist circumference, and MiniMental State Examination score. Confounders were chosen according to the scientific literature 1, 9, 12 . We calculated HRs with 95% CIs for all-cause and CVD mortality according to the 5 components of the FRAIL scale. P-values for trend were estimated from Cox regression models including frailty as a continuous variable with a score ranging from 0 to 5.
To examine the separate association between physical activity or frailty and all-cause and CVD mortality, we conducted stratified analyses according to frailty or physical activity level, as appropriate. We checked the potential modifier effect of physical activity on the associations between frailty and mortality by including an interaction term in Cox models; multicollinearity detection was examined in this analysis, but variance inflation factors were in the normal range because neither variable was strongly related (Spearman correlation coefficient=-0.35 with frailty and physical activity as continuous variables). To assess the combined association between physical activity and each level of frailty and mortality outcomes, we modeled 6 categories of exposure and ran Cox models with robust physically active participants as the reference category.
We assessed the assumption of proportionality of hazards graphically and by testing the interaction between frailty status or physical activity and time of follow-up. There was no evidence of departure of proporcionality in any of these assumptions (all P>.10). Statistical significance was set at p<.05, and all tests were 2-sided. Analyses were performed using Stata version 14.1 (Stata Corp., College Station, TX).
RESULTS
The prevalence of the 5 components of the FRAIL scale was 12.0% for fatigue, 36.7% for low resistance, 34.4% for limitation in ambulation, 2.0% for weight loss, and 2.0% for illness. As a result, 52.0% of study participants were robust, 39.4% prefrail, and 8.6% frail. Frail participants were older; had a larger waist circumference, lower Mini-State Examination score, and less education; and were more likely to be female, never smokers, never drinkers, and physically inactive than robust participants (all p<.05) ( Table 1) . Descriptive information across groups of frailty and physical activity are shown in Supplementary Table S1 .
Over a median follow-up of 14 years, 1,801 deaths occurred, 672 from CVD. In age-and sex-adjusted analyses, prefrail individuals were 29% more likely than those who were robust to die (HR=1.29, 95% confidence interval (CI) =1.14-1.45), frail individuals were more than twice as likely (HR=2.16, 95% CI=1.82-2.58) (one-category increase: (Figure 1) . Each of the 5 components of the FRAIL scale was linked to higher all-cause and CVD mortality except for the association between illness criteria and all-cause mortality, which was not statistically significant (Supplementary Table S2 ).
The association between physical activity and mortality stratified according to frailty is shown in Table 2 . In fully adjusted analyses (Model 2), being physically active was associated with 18% (95% CI=1-32%) lower all-cause mortality in robust participants, 28% (95% CI=16-39%) lower in prefrail participants, and 39% (95% CI=17-55%) lower in frail individuals and with 38% (95% CI=14-56%) lower CVD mortality in robust participants, 29% (95% CI=6-46%) lower in prefrail participants, and 48% (95% CI=6-71%) lower in frail participants (Table 2) .
When examining the association between frailty and mortality according to physical activity, clear dose-response associations were found in both groups (per 1-category increase: all-cause: inactive group: HR = 1.26, 95% CI=1.18-1.35, p for trend <.001; active group: HR=1.15, 95% CI=1.05-1.26, p for trend =.002; CVD mortality: inactive g: HR=1.26, 95% CI=1.12-1.41; inactive group: HR=1.29, 95% CI=1.12-1.49, both p for trend ≤.001). Therefore, physical activity did not modify the main effect of frailty (all-cause mortality: p for interaction = .68; CVD mortality: p=.33). All-cause and CVD mortality risks are shown in Figure 2 according to physical activity and frailty. CI=2.32-4.60) mortality than robust active participants. Risks of all-cause and CVD mortality in frail active individuals were comparable with those of prefrail inactive participants, and prefrail active individuals had mortality similar to robust inactive participants (Figure 2 ).
DISCUSSION
In this nationally representative cohort of older adults in Spain, prefrailty and frailty were associated with greater allcause and CVD mortality, but being physically active was linked to lower mortality in prefrail and frail individuals, and all-cause and CVD mortality in frail physically active individuals were similar to those in prefrail inactive individuals. These findings suggest that physical activity might partly reduce the mortality risk associated with frailty in old age. To our knowledge, this is the first study to examine the effect of physical activity on all-cause and CVD mortality in prefrail and frail older adults, but our results are in line with those from previous studies on the role of physical activity in modulating the excess mortality associated with frailty-related criteria, such as fatigue, muscle weakness, gait speed, functional disability, and multimorbidity [22] [23] [24] [25] [26] . In earlier work with our cohort, we showed that being physically active was associated with lower risk of all-cause and CVD mortality in disabled elderly adults 22 . In the same cohort, physical activity was linked to 47% lower mortality in participants with 3 or more chronic diseases 23 . Moreover, in recent work with 498,135 participants in the UK Biobank, the highest risk of death was found in participants with the lowest levels of muscle strength and physical activity, and risk of mortality increased with each decrease in physical activity quintile 24 . An analysis of the Health, Aging and Body Composition Study found that the gait speed of older adults with low physical activity declined more quickly than that of those with more physical activity, indicating that physical activity may protect older adults from the effect of slowness on mortality 25 . Finally, in community-dwelling older adults from the Jerusalem Longitudinal Study, greater physical activity weakened the association between fatigue and mortality 26 . These and our results suggest that physical activity increases survival in older people with physical impairments. Taking into account the potentially reversible nature of frailty, the present study has not only clinical, but also public health relevance.
Several mechanisms may contribute to the beneficial effect of physical activity on mortality in frail elderly adults. Physical activity reduces the incidence of chronic diseases and disability, which in turn, may decrease mortality 7, 8, 11 . Also, in frail older adults, physical activity increases strength, balance, agility, and gait speed and decreases sarcopenia 12, [27] [28] [29] [30] , which are components of the frailty cycle 2 . In a recent systematic review of exercise interventions in frail older adults, 70% of the studies showed a reduction in falls, 54% an enhancement of gait ability, 80% an improvement in balance, and 70% an increase in muscle strength 12 . Moreover, a recent meta-analysis of 15 studies including 1,350 frail older adults found beneficial effects of exercisebased interventions on strength, gait speed, and static and dynamic balance assessed using the Timed-Up-and-Go Test 27 . Another review with meta-analysis of 8 randomized trials with 1,068 frail older adults reported that and exercise group increased gait speed by 0.07 m/s (95% CI=0.02-0.11 m/s), balance by 1.69 (95% CI=0.56-2.82), and activities of daily living performance score by 5.33 (95% CI=1.01-9.64) (1.69: weighted mean difference; 5.33: weighted mean difference) 28 . Older adults are the most physically inactive population group, and it seems that frail older adults are even less physically active than those who are not frail 31, 32 . In our study, for example, frail participants were less physically active (22%) than their prefrail (44%) and robust (70%) peers, which indicates that criteria to define frailty should include low physical activity as a component. Our results suggest that there is variability in physical activity level Figure 2 . All-cause and cardiovascular disease (CVD) mortality according to physical activity and frailty status in older adults (N=3,896). Analyses were adjusted for age, sex, educational level, smoking status, alcohol consumption, body mass index, waist circumference, and Mini-Mental State Examination score. Number of participants in each increasing category from the X-axis segment was as follows: 598, 856, 260, 1,428 (reference group), 680, and 74. among frail older adults and that the effect of such activity levels may be important for their future health. For this reason, public health physical activity guidelines suggest that, when older adults cannot perform the recommended amount of physical activity owing to their health status or physical limitations, they should be as physically active as their abilities and conditions allow them 7, 33 . According to compelling evidence on the health benefits of physical activity, public health organizations must develop new strategies to increase levels of physical activity in older adults with frailty.
This study has several strengths. This cohort includes a representative sample, which allows for generalization of results to community-dwelling older adults in Spain. Also, the long-term follow-up allowed us to identify a large number of deaths. Moreover, certified staff obtained the study data after completing several training sessions and using standardized procedures, and analyses were adjusted for potential confounders. Some limitations should also be acknowledged. Although we examined a large, representative sample, the sample size for some stratified analyses (for frail elderly adults) could have been too small to obtain robust estimates. The observational design precludes causal inference, but the strength and dose-response of the associations between physical activity and lower mortality, as well as the consistency with various frailty levels, lends support to our results. Another limitation is that there is no universal approach to diagnosing frailty, so it is unclear whether operationalizing frailty with other criteria our results would be similar. Lastly, physical activity was self-reported, which may have led to recall bias and misclassification. Also, owing to the characteristics of the sample and the physical activity tool, the answers had to be grouped into 2 categories (inactive vs active). More studies using objective measurements such as accelerometry and heart rate are required.
In conclusion, physical activity was associated with lower mortality in prefrail and frail individuals, and mortality outcomes in frail physically active older adults appeared similar enough to those who were not frail to suggest that physical activity may attenuate the risk of mortality associated with frailty. Future intervention studies should be conducted to assess the effectiveness of mobility programs to reduce mortality in frail older adults. 
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